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ConstructionPhthalate esters for decades, and probably even now,were used as softeners inwater-based paintings. In general,
these compounds are dangerous owing to their carcinogenicity and reproductive effects. Phthalates are not
chemically but only physically bound to the matrices, hence, they may be leached into the environment and
are ubiquitously found in environmental matrices. Considering that, construction is one of most important ﬁelds
in Europe, and probably worldwide, with respect to its economic, technological and environmental impact.
In the presentwork the phthalate esters content of severalmural paintingswas evaluated by gas chromatography–
mass spectrometry (GC-MS). Because, this issue is especially important to ensure proper security measurements
duringprocesses that could involve particulate inhalation, the total concentrations of 15 compounds in the analyzed
mural paintings, ranged from 0.8 to 236 mg/Kg d.w. with an average of 39.4 mg/Kg d.w. The highest concentration
was found in a mural painting sampled in an apartment built about 50 years ago, though, building age was not
signiﬁcantly correlated with the levels of total and single PAEs. Among the monitored phthalates, only four
(bis(2-ethylhexyl) phthalate, diisobutyl phthalate, Di-n-butyl phthalate and diethyl phthalate) were detected in
appreciable quantities. Benzyl butyl phthalate was relevant only for one sample and, at trace levels, only for two
samples. In all tested mural paintings, except two samples, predominates the bis(2-ethylhexyl) phthalate (DEHP)
(from 30 to 100% of total). In general, occasionally, dinonyl phthalate (DNP) was used as an alternative to DEHP,
however, in our case, its occurrence was not found. Diisobutyl phthalate (DiBP) was detected in seven samples
and ranged from 0.17 to 13.2 mg/Kg d.w.
© 2013 Elsevier B.V. All rights reserved.1. Introduction
Indoor environments can be a sources and/or a repository of many
kinds of pollutants [1,2] and it is necessary to evaluate their indoor
sources, concentrations and distributions in order to assess human
exposure to them, especially for children, elderly and sick people, because
of their behavioral factors and longer indoor residence time [3].
The hazardous air pollutants are deﬁned by the United State
Environmental Protection Agency (EPA), among which there are poly-
cyclic aromatic hydrocarbons (PAHs), polychlorinated biphenyls
(PCBs), heavy metals (lead, chrome compounds etc.) usually deposited
on surfaces of buildings located in anthropized areas [4]. Also, if a reno-
vation or restore effort is planned for a property, construction workers
and building occupants may need to be protected from hazardous
substances. Most studies have focused on heavymetals, volatile organic
compounds (VOCs), pesticides and less attention has been paid to
potential health risks of exposure to persistent and semi-volatile
endocrine-disrupting chemicals (EDCs) such as phthalic acid esters,
generally called phthalates (PAEs) in the indoor environment [5].
Numerous household products, building materials and pest control).
ights reserved.activities are known as major sources of endocrine disruptor chemicals
(EDCs). Traditionally, food consumption has been considered a primary
route of exposure to contaminants like those measured in the present
study. However, it is becoming clear that exposure through ingestion
and/or inhalation of indoor dust may be comparable to corresponding
food consumption especially for younger children [6]. It has been sug-
gested that indoor dust is highly contaminated by phthalates and
many other hazardous chemicals and thus indoor residential exposure
may be a greater contributor to overall exposure than diet [7].
Phthalate esters for decades, and probably even now, were used as
softeners in water-based synthetic paintings. Dinbutylphthalate (DBP)
and Bis(2-ethylhexyl) phthalate (DEHP) are the most employed. Soft-
eners are released from the painted surface for a long time after it has
been applied [8]. Surfaces and structures, such as house walls painted
with phthalates based paintings, can be a concern to construction
workers engaged in demolition, restore and paint removal activities if
they are not protected from hazardous dust inhalation.
Phthalates with highermolecular weights, such as bis(2-ethylhexyl)
phthalate, are largely used as additives softeners and plasticizers, while
those with lower molecular weights (diethyl, di-n-butyl and dimethyl
phthalate) are components of industrial solvents, adhesive, wax, ink,
pharmaceutical products, insecticide materials, and cosmetic [9]. DEHP
was found in medical disposals devices and in a number of medicine
Table 1
Descriptive proﬁle of sampling station.
n° Characteristic of station Age of
building
Mur 1 Stair of a building build around 1990. 23
Mur 2 Bedroom of an apartment on the ﬁrst ﬂoor 25
Mur 3 Stair of the previous station 25
Mur 4 Living room of house dating from 1950 to
1 ﬂoor renovated 13 years ago.
63
Mur 5 Kitchen of an apartment on the top ﬂoor. 15
Mur 6 Garage 43
Mur 7 Kitchen 30
Mur 8 Kitchen 5
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contact lenses [10] and in food packaging ﬁlms [11].
Phthalates are not chemically but only physically bound to the
matrices, hence, they may be leached into the environment and are
ubiquitously found in dust, air, water, soils, and sediments [2,12–15].
Unfortunately, the phthalate concentrations that can be mobilized
from surfaces are not usually determined. This issue is especially impor-
tant to ensure proper security measurements during processes that
could involve particulate inhalation. Construction is one of most impor-
tant ﬁelds in Europe, and probably worldwide, with respect to its
economic, technological, and environmental impact. In this context, im-
portant issues arise: construction, restore and demolition hazardous
materials, in particular dusts that can be inhaled. Construction, renova-
tion and repair dusts are generated in these processes, and during
transporting, storing and handling construction materials. This may
also be veriﬁed when certain construction processes are undertaken.
Some works regarding other pollutants in construction materials are
concentrated on PCBs in joint sealing materials and how this class of
chemicals have spread into the environment and surroundingmaterials
[16]. In the last years, Unites States Environmental Protection Agency
(EPA) [17] sponsored a program aimed at reducing lead-based paint
emissions in the environment from use, demolition and renovation
of buildings but no actions has been taken about other dangerous
substances such as phthalate esters. Protracted residence times and
work on building matrices containing dangerous substances in the
indoor environment increase possibility of exposure to contaminants
by 1000-fold compared to outdoor exposures [18]. Levels of phthalates
in indoor air and dust are often higher than outdoor levels [19,20].
Among the hazardous pollutants [20], phthalate esters are dangerous
owing to their carcinogenicity and reproductive effects [21]. Phthalates,
generally, are colorless and odourless liquids having high boiling points
(228–380 °C), low volatility, insolubility in water and predominantly fat
solubility. Excluding the dimethyl phthalate (DMP), which belong to
the group of VOCs, PAEs are classiﬁed as semi-volatile organic com-
pounds. There are no naturally occurring PAEs, therefore all phthalates
found in environmental matrices can be accredited only to man-made
materials. PAEs are emitted into the atmosphere as particulates and gas-
ses [22]. Weschler [22] argues that, the less volatile PAEs are more likely
to be deposited on the indoor surfaces bound to particles in wet and dry
deposition. In particular, for compounds of intermediate vapor pressure, a
temperature-dependent gas/particle portioning of PAEs will occur, and
thus, they are subject to both wet and dry deposition in gaseous and
particle-bound form. The transport, residence time, fate, and reactions
of PAEs in atmosphere are widely controlled by their gas-particle
partitioning [23]. About indoor pollution, indoor environments increase
the lifetime of substances adsorbed to the dust by minimizing or elimi-
nating the natural decomposition processes catalyzed by natural light
and rain [24].
Moreover, numerous household products, building materials,
and pest control activities are known as major sources of endocrine-
disrupting chemicals. Evidence for the adverse effects of this class of
substances on human health is mounting [5,7,19,22,21,25–27]. Thus,
there is the need to acquire more information about the occurrence of
EDCs in indoor matrices and the associated potential risk.
Workers manufacturing materials containing phthalates are greatly
exposed and have shown to have urinary metabolite concentrations
that often exceed those at the 95th percentile of the common popula-
tion [28]. Such as reported PAEs are not very volatile, but they readily
form aerosols that may be inhaled in particular during work with high
temperature processes [29]. In addition, dermal exposures could poten-
tially play a role in low temperature operations; on the other hand, due
to their chemical characteristics (lipophilicity), dermal phthalate
absorption is assumed to below or negligible. Several authors [29–31]
claim that this theory might be not true because among phthalates
exposed workers performing low temperature processes was found
the presence of urinary PAEs metabolites. Gaudin [30] founds elevatedurinary 5cx-MEPP metabolite concentrations (median 107.5 g/L)
amongworkers preparing a DEHP-containingmaterial at room temper-
ature. In a study [31], workers reﬁnishing phthalate-containing sealants
at room temperatures had 20 times higher metabolite concentrations
than the control group.
The principal aim of this study was to determine the concentrations
and distribution of 15 PAEs presents in the surface layer of walls (mural
paintings) of some buildings. In order, to get a better insight in environ-
mental levels and distribution of these compounds, reliable analytical
methods are required capable of measuring a large range of PAEs at
low concentrations. There are some studies on the concentrations of
PAEs in differentmatrices [2,7,10] but information about the occurrence
and distribution of PAEs in mural paintings materials are absent.
One of the analytical difﬁculties that may occur with building
materials is the complexity of matrices and differences in their compo-
sitions. Therefore, it is need check the validity of the analytical method
using the material to be analyzed. In this paper we report an analytical
method for 15 PAEs which adopts and improves previous knowledge
and affords better results on the concentration levels and the distribu-
tion of phthalates in wall paintings.
GC/MSwas used to quantify PAEs in samples taken fromwall surface
of eight building located in Palermo, in an attempt to demonstrate the
presence and the hazards of substances, often not even known to the
speciﬁc operators and managers.2. Experimental
2.1. Study area
The buildings taken in consideration in this study are located in
Palermo area (Italy). Palermo is a densely populated city (about
850,000 inhabitants). It is characterized by conspicuous air pollution
[1,32–37]. The town is situated on the north-western coast of the island
along thewide bay Piana di Palermo and is overlooked byMt. Pellegrino
(600 m above sea level). Palermo is a typically European town in build-
ing style and is generally built in stone (tuff), clay bricks and concrete.
In order to determine a possible pattern in usage of PAEs in the
Palermo area, sampling was conducted in different parts of the town,
in different types of buildings of different ages (Table 1). The samples
were taken, during 2012 from the surface of the walls from eight build-
ings and were collected by scraping off the layers or removing frag-
ments; care was taken to ensure that the samples were representative
of the single room. From each surface, a total of 5 samples were collect-
ed. About 25 g of thematerial were placed in glass containers. The sam-
ples were refrigerated (4 °C), avoiding the exposure to light, and taken
to the laboratory where they were frozen (−20 °C) until the analysis
was performed. About 2 g of homogenized samples of mural painting
were dried at 105 °C for overnight. The water content was determined
by weight loss and was utilized to correlate all the results with dry
weight. Before each analysis the samples were ﬁnely pulverized in a
mortar.
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Mural painting samples were analyzed for 15 PAEs (Table 2).
An aliquot (1 g) of material was extracted (3 times) with hexane
using an ultrasound bath for 20 min. Before extraction, surrogate stan-
dard (Di-n-hexyl-phthalate-d4) was added to all samples for the evalu-
ation of the method performance (yields). The extracts were ﬁltered
through a Pasteur pipette ﬁlled with anhydrous Na2SO4, previously
rinsed with hexane, and concentrated in a rotary evaporator at
T = 50 °C. The ﬁnal volume was around 1 mL. The last stage in the
procedure involved drying the PAEs containing solution under a weak
inert gas ﬂow at room temperature. The dry residue was dissolved
in 1 mL of solution containing perdeuterated internal standards
(Bis(2-ethylhexyl)phthalate-d4) in cyclohexane. Target compounds
were analyzed with Shimadzu mod. GC-17A gas chromatograph
equipped with a SPB5 (30 m 0.25 i.d., 0.5 μm) (5% diphenyl 95%
dimethyl siloxane) phase fused-silica capillary column from Supelco
(Milano, Italy) and a Shimadzu, quadrupole detector mod. GCMS-
QP5000. The mass spectrometer was operated in electron impact
(70 eV) and selected ionmonitoring (SIM)mode. GC oven temperature
for PAEs started at 60 °C (2 min.) and ramped to 325 °C at 14.5 °C/min
and maintained for 30 min.
Injection of 1 μL sample was performed manually. The instrument
was equipped with a split/splittless injector with glass wool injection
port liner and splittless time of 2 min. Total ﬂow 21 ml/min was used.
The carrier gas was helium (ﬂow rate 1.4 ml/min). In several cases, to
measure phthalates, sample extracts were diluted prior to GC analyses.2.3. Quality assurance
The detection limits (LOD) was estimated as 3 σ (three times the
background noise) (IUPAC criterion) and like reported in previous
papers [2,4,36,37] was similar for all analyzed compounds (less than
0.3 μg/Kg for all compounds). Quantiﬁcation limit (LOQ), (less than
1 μg/Kg for all compounds) was estimated as 10 σ (ten times the back-
ground noise) (IUPAC criterion). LOD and LOQwere estimated in single
ion monitoring (SIM) mode [2,33,34,36,38]. Blank concentrations were
not subtracted from sample concentrations because the levels in sam-
ples were higher than blank levels by several orders of magnitude.
The procedure was checked for recovery efﬁciencies by analyzing
uncontaminated samples, preventively obtained by extraction of threeTable 2
List of the PAEs and abbreviations, the deuterated internal (underlined) and surrogate
(italic) standards employed, the quantiﬁcation and conﬁrmation ions for SIM GC/MS
mode.
Compound Abbr. N° CAS Quantiﬁcation and
conﬁrmation ions
(m/z)
Dimethyl phthalate DMP 131-11-3 163–194
Diethyl phthalate DEP 84-66-2 121–149
Diisobutyl phthalate DiBP 84-69-5 149–167
Di-n-butyl phthalate DBP 84-74-2 149–150
Bis(2-methoxyethyl) phthalate DMEP 117-82-8 59–149
Bis(4-methyl-2-pentyl) phthalate BMPP 146-50-9 121–149
Dinonyl phthalate DNP 86-76-4 57–71
Bis(2-ethoxyethyl) phthalate DEEP 605-54-9 45–72
Di pentyl phthalate DPP 131-18-0 149–167
Dihexyl phthalate DHxP 84-75-3 76–104
Bis(2-n-butoxyethyl) phthalate DBEP 117-83-9 57–149
Bis(2-ethylhexyl) phthalate DEHP 117-81-7 113–149
Di-ciclohexyl phthalate DCHP 84-61-7 83–149
Di-n-octil phthalate DOP 117-84-0 149–150
Benzyl butyl phthalate BBP 85-68-7 91–149
Diethyl phthalate-d4 DEPd4 153
Bis(2-ethylhexyl)phthalate-d4 BEHP d4 153
Di-n-hexyl-phthalate-d4 DHXP d4 153samples of mural painting collected in two stations area for 2 h (three
times) with hexane and spiked with a known quantity of PAEs stan-
dards. The average recoveries ranged from 79% to 102%. The relative
standard deviations on the PAEs measurements of recovery are less
than 12%. Relative percent differences for triplicate samples were less
than 10%.3. Results and discussion
The total concentrations (the average of three analyses) of 15
compounds, expressed as the sum of the concentrations, ΣPAEs, in the
analyzed mural painting, ranged from 0.8 to 236 mg/Kg d.w. with an
average of 39.4 mg/Kg d.w. (Fig. 1) (Table 3). The highest concentra-
tions were found in a wall paint (mural 4) sampled in a living room of
an apartment built about 50 years ago.
The wide range of phthalates contents (relative standard deviation
on total phthalates was 203%) found in the analyzed samples indicates
heterogeneous composition of the wall paintings. In Table 2 we report
the concentrations of each individual PAE in the analyzed samples,
while in Fig. 2 are shown the distributions (%) of single compounds.
Among the 15 monitored phthalates only four (DEHP, DiBP, DBP and
DEP) were detected in appreciable quantities. BBP was relevant only
for one sample and at trace levels only in two samples.
In all tested samples, except mur 1 and mur 8, predominates the
DEHP (from 30 to 100% of total phthalates) that is in the range from
0.6 to 236 mg/Kg d.w. In general, occasionally, DiNP was used as an
alternative to DEHP, however, in our case, its occurrence was not found.
Human absorption to DEHP can occur, in our case, via the dermal
and inhalation routes of exposure. DEHP is not classiﬁable as to carcino-
genicity in humans but has been described as carcinogenic in mice and
rats by the International Agency for Research on Cancer [27]. Moreover
DEHP is a recognized testicular toxicant, altering thenormal functions of
Sertoli and Leydig cells by affecting spermatogenesis and testosterone
production in rats [5], in fact, phthalates are classiﬁed in the EU as cate-
gory 2 substances to reproduction and as 1B in theGlobally Harmonized
System of Classiﬁcation System and Labeling of Chemicals (GHS). Other
studies [38] argue that high doses of DEHP induced liver and kidney
damage, testicular toxicity, and endocrine disorders in androgen pro-
duction. In humans, the reported health effects of DEHP are altered
semen quality, reproductive and developmental effects, and endocrine
disruption,whichhave recently causedmuchpublic concern [39]. Inhal-
ing DEHP aerosols in combination with allergens may lead to allergic
lung inﬂammation and increased allergic sensitization in laboratory an-
imals [40] and may be associated with asthma and allergies in children
[41]. Several researchers claim that skin contact with matrices contam-
inated with a wide variety of phthalates might increase possible dermal
absorption [42].Fig. 1. Total PAEs (in mg/kg) (average of three analysis) concentrations in mural painting
samples.
Table 3
Single PAEs (in mg/kg) (average of three analysis) concentrations in mural painting samples.
Station DEP DMP DiBP DBP DMEP BMPP DNP DEEP DPP DHxP BBP DBEP DEHP DCHP DOP
mur 1 1.1 0.008 6.15 0.60 b0.0003 b0.0003 b0.0003 0.017 b0.0003 0.035 1.5 b0.0003 4.0 b0.0003 b0.0003
mur 2 0.046 b0.0003 0.34 0.070 b0.0003 b0.0003 b0.0003 b0.0003 b0.0003 0.0016 0.043 b0.0003 1.3 b0.0003 0.016
mur 3 0.027 0.0008 0.95 0.064 b0.0003 b0.0003 b0.0003 0.0045 b0.0003 0.0039 0.25 b0.0003 11 b0.0003 0.18
mur 4 0.013 0.0004 0.29 0.14 b0.0003 0.0051 b0.0003 b0.0003 b0.0003 0.0026 0.054 b0.0003 236 b0.0003 0.14
mur 5 0.034 b0.0003 2.1 0.29 b0.0003 b0.0003 b0.0003 b0.0003 b0.0003 0.045 b0.0003 b0.0003 11 b0.0003 b0.0003
mur 6 0.021 b0.0003 0.17 0.037 b0.0003 b0.0003 b0.0003 b0.0003 b0.0003 0.0029 b0.0003 b0.0003 0.55 b0.0003 b0.0003
mur 7 0.034 b0.0003 2.1 0.29 b0.0003 b0.0003 b0.0003 b0.0003 b0.0003 0.045 b0.0003 b0.0003 11 b0.0003 b0.0003
mur 8 0.31 b0.0003 13.2 1.8 b0.0003 b0.0003 b0.0003 0.027 0.030 0.13 0.039 b0.0003 7.2 b0.0003 b0.0003
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ranged from 0.17 to 13.2 mg/Kg d.w., measured, respectively, in mural
6 and in mural 8. Some authors afﬁrm that exposure to DiBP during
growth is related with the phthalate syndrome, which comprises princi-
pally endpoints associated with the decreased testicular testosterone
production, decreased anogenital distance, hypospadias, reduced
sperm quality and decreased fertility [43].
Someof these disorders alongwith other health harmful effects have
also been observed in other epidemiologic studies [44]. According to our
knowledge, there are not speciﬁc studies that examines the relationship
between DiBP metabolites levels and alteration of human reproductive
system.
DEP, at appreciable concentrations was detected in only three sam-
ples in the range from 0.013 mg/Kg d.w. (mural 4) to 1.1 mg/Kg d.w.
(mural 1). The data suggest that, in these three samples, DEP was not
negligible compared to concentrations of the other phthalates and was
intentionally added to products.
Because diethyl phthalate is not a part of the matrix which makes
up the painting, it can be released fairly easily from these products.
DEP was shown to be slightly irritating when applied continually to
the skin. In rats treatedwith DEP for 2 years, amild, apparently adaptive
skin acanthosis was establish [45]. Using marked DEP (14C), signiﬁcant
percutaneous absorption has been reported for an application of
the chemical to the clipped skin of male rats, resulted in a cumulative
excretion of 50% in a week, while 34% of the dose remained in the
area of application [46]. By tests on several human volunteers, DEP has
not been reported to be a dermal sensibilizer, while positive results
have been reported in some of the studies with patients [46]. Once it
enters the organism, DEP breaks down into other products, some of
which are harmful. Diethyl phthalate and its breakdown products will
leave the organism mostly in the urine within about 2 days. Only
small amounts of the DEP or its breakdown products remain in the
body tissueswith the greatest accumulation in the kidney and liver [46].
No inhalation minimal risk levels were resulting for DEP [47].
The only known inhalation study in either humans or animals wasFig. 2. Distributions (%) of single PAE.conducted in an occupational group exposed to vapors from solvents
and welding gas of cellulose acetate, which contained 30% diethyl
phthalate [48]. This study was limited because of the small group size,
co-exposure to other substances, inappropriate control data, and little
exposure information. DEP is also known to be a suspect carcinogen.
Our results, in good agreement to other researchers [9], suggest that,
excluding few cases, in the samples, the other analyzed phthalates
(Table 2) were present as impurities and were not intentionally added
to the paintings.
Building age was not signiﬁcantly correlated with the levels of total
and single PAEs.
4. Conclusion
The literature claims [9,10,24,42] that there is a wide variety of
consumer products that contain phthalate, but to our knowledge, no
article speaks of the presence of the DEP in wall paintings, and in prod-
ucts for the construction industry.
This study shows the analytical method development to determi-
nate PAEs in mural painting samples. Under the conditions used,
the percentage recoveries were in the range accepted from IUPAC crite-
rions; in every case they are greater than 80% and in most of the cases
near 100%. The reproducibility is also satisfactory (relative standard
deviation = 10%).
Also, the results of this research offer a scientiﬁc basis for risk analysis,
especially for restorers, caused by hazardous PAEs deriving by the build-
ing materials.
The present study demonstrates that the indoor environments are
signiﬁcantly contaminated by EDCs and their levels are high enough
to be possibly linked to some adverse health effects.
As a preliminary study, mural painting samples were collected from
only eight different buildings. Systematic investigation is required to
ﬁnd possible links between exposure to EDCs indoors and adverse
health effects.
The results of the present study suggest that aeration of indoor air
and the use of appropriate personal protective equipments, during the
execution of renovation or restoration may be wanted in an attempt
to reduce exposure to EDCs. Workers should also be aware of possible
risks of exposure to EDCs, and in other cases to polycyclic aromatic
hydrocarbons [4,49], for example, when they demolish, restore or reno-
vate. Those data should be helpful for structuring the phthalates expo-
sure proﬁle and recommending local exhaust systems and personal
protection equipment for construction workers.
Our ﬁndings suggest that, in European dwellings, attention should
be paid not only to PVC ﬂoor materials and paper wall, as sources of
PAEs but other matrices such as wall paintings should be evaluated as
sources of substances that damage the hormonal system.
Also, because PAEs are not chemically, but only physically bound to
the building materials, they, may be leached by water percolating
through landﬁlls [50].
However, the laws regulating phthalate use only apply to food con-
tainers, medical devices, and toys that could be placed in a child's
mouth. Regulation of phthalate use in building materials and interior
materials should also be considered.
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